This work focuses on the sol-gel spin coating technique of TiO 2 nanostructure synthesis and its characterization. Though various methods have been used to fabricate TiO 2 nanostructure, much effort has not been exerted to achieve better photoresponsive and narrowly dispersed TiO 2 nanostructure using the sol-gel spin coating method. Therefore, it is imperative to realize the synthesis of TiO 2 nanostructures, and investigate their properties. In this work, TiO 2 is synthesized by sol-gel spin coating technique using titanium tetraisopropoxide, isopropanol, acetic acid and deionized water as starting materials and deposited on borosilicate glass substrates. The effects of annealing temperatures (300˚C, 400˚C and 500˚C) on the structural and optical properties of the films were investigated by different techniques: Scanning Electron Microscopy (SEM), optical microscopy and UV-visible spectrophotometry. The optical characterization showed the direct band gap at 3.7 eV, 3.6 eV and 3.4 eV for 300˚C, 400˚C and 500˚C, respectively, and the optical transmittance and reflectance spectra showed a greater performance at 500˚C. The grain sizes obtained from SEM annealed at 300˚C, 400˚C and 500˚C are found to be about 6.0 nm, 5.0 nm and 4.0 nm respectively. The grain size of TiO 2 nanostructure films decreased with increasing annealing temperatures. The results clearly indicated that the sol-gel spin coating synthesis of TiO 2 nanostructure and post-thermal treatment at 500˚C cooled naturally at room temperature result in better photoresponsive and narrowly dispersed TiO 2 nanostructure films with higher photoresponsive and good optical properties.
Introduction
TiO 2 nanostructure films fabricated by sol-gel spin coating have excellent optical properties suitable for application in solid-state photovoltaic solar cells. Optical characteristics of TiO 2 films under visible light though are very weak but they strongly depends on preparation methods. The main problem is that photoresponse under visible light is much lower than that under UV irradiation. Therefore, the development of new and optimized photoresponsive TiO 2 nanostructure for the existing optical properties exhibiting activity upon visible light with surface characteristics of improved performance, and of the high chemical and physical stability are crucial for broader scale utilization of photovoltaic systems in commercial applications.
Several methods have been used to prepare TiO 2 other metal oxide nanostructure films, including chemical vapor deposition (CVD) [1] , pulsed laser deposition [2] , reactive sputtering [3] , chemical bath deposition (CBD) [4] [5] and sol-gel spin coating [6] [7] . The sol-gel spin coating has emerged as one of the new commercially viable nano-TiO 2 fabrication methodologies as this method produces samples with a uniform synthetic strategy needed for high-efficient UV-Vis optical response. In this work, TiO 2 is synthesized by a sol-gel spin coating technique and deposited on borosilicate glass substrates, using titanium tetraisopropoxide, isopropanol, acetic acid and deionized water as starting materials. By careful control of relative proportion of fixed precursor materials/solvent weight ratio of 1:3 and pH = 9.5 with nitric acid, in order to obtain a stable and clear sol of TiO 2 colloidal suspension in the nanometer range, which was dispersed on the surface of the thoroughly cleaned borosilicate glass substrates, and then spun at 4000 rev/min for 30 seconds under suction.
The effects of annealing (300˚C, 400˚C and 500˚C) on the optical and structural properties of the films were investigated by different techniques: Ultra-violet visible spectrophotometry, scanning electron microscopy (SEM) and optical microscopy. The films were characterized by measuring the optical transmittance, reflectance spectra, energy band gap, porosity, refractive index, optical conductivity and extinction coefficient. The surface morphology of the films was viewed using AP200 MTI optical microscope. Jeol (Tokyo, Japan) JSM 5600 LV (low vacuum) scanning electron microscope (SEM) were used for structural characterization.
Theoretical Consideration
From the optical transmittance measurements, the absorption coefficient of the films, α was calculated, and the absorption coefficient is given by the Equation
where T is transmittance and d is film thickness.
where n is the refractive index and R is the reflectance of the film.
The optical band gap of the film was calculated by the following relation [4] :
where E g is the energy band gap, α is the absorption coefficient, hν is the photon energy, A is the absorbance and n is either 2 for a direct band gap material or ½ for indirect band gap material.
From the optical transmittance measurements, we may calculate the extinction coefficient of the films by the following relation [4] ,
where k is the extinction coefficient, λ is the wavelength of the thin film, and α is absorption coefficient of the film.
The optical conductivity of the film was calculated the following relation [8] :
where σ is the optical conductivity of the nanostructure film, α is absorption coefficient of the film, n is the refractive index and c is the speed of light.
The thickness of the TiO 2 nanostructure was calculated using the gravimetric method [7] ,
where A M is the mass of substrate after deposition,
B
M is the mass of substrate before deposition A is the area of the films and ρ is the density of the film.
The grain size of the synthesized TiO 2 nanostructure was calculated using the intercept technique [8] .
where a is the number of intersections and b is the actual length of the line. But actual length is the ratio of the measured length by the magnification.
The porosity of nanoporous TiO 2 nanostructure thin films can be calculated from the following relation in Equation (8) ( ) ( )
Porosity % 1 1 1 100
where n d is refractive index of pore-free anatase (n d = 2.52), and n is refractive index of porous TiO 2 thin films.
The absorbance (A), transmittance (T) and reflectance (R) satisfy the law of conservation of energy by the equation [4] :
3. Experimental Procedure 
Synthesis of TiO2 Nanostructure
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Characterization Technique
After the preparation of the samples, different characterization techniques were used to investigate their structural and optical properties. The optical transmittance, T, and reflectance, R, of the films were measured by a UV-Vis (Lambda 950) spectrophotometer, equipped with an integrating sphere, in the wavelength range 400 -800 nm. Porosity, optical conductivity, refractive index and extinction coefficient were calculated from the data obtained. The surface microstructure of the films was viewed using AP200 MTI optical microscope at magnification 1000 × Jeol (Tokyo, Japan) JSM 5600 LV (low vacuum) scanning electron microscope (SEM) was used to get the surface morphology of the samples.
Results and Discussion

Optical Studies
UV-vis transmittance spectra of TiO 2 nanostructure films for annealing temperatures at 300˚C, 400˚C and 500˚C in the wavelength range 300 -800 nm are shown in Figure 1 . As can be seen, all the spectrums exhibit interference fringes, which are due to the multiple reflections at the two film edges, i.e. at the film/air and the film/substrate interfaces. This indicates that the film surface is relatively The excellent surface quality and good homogeneity of the film were confirmed from the appearance of interference fringes in the transmission spectra. The amplitude of interference spectra and the transmission percent of the TiO 2 films increase with the increase in annealing temperature. This can be due to the formation stage of anatase and with the increase in the grain size [2] . The results obtained are synonymous to the previous studies by Le et al. [9] . Figure 2 shows the absorption coefficient-photon energy plot for the annealed TiO 2 nanostructure films at 300˚C, 400˚C and 500˚C temperatures range. As seen from Figure 2 , the optical band gap was determined by extrapolating the straight-line part of the plot to the photon energy axis. From the result, it reveals that there is a gradual increase in the absorption coefficient with increasing photon energy for different annealing temperature [1] [10] . The bandgap energy of the synthesized TiO 2 nanostructure thin film decreases with the increase in annealing temperature which was found to be 3.7 eV, 3.6 eV and 3.4 eV for 300˚C, 400˚C and 500˚C, respectively as shown in Table 1 . This decrease was correlated with grains size decreases with temperature, and this can be linked with the formation of anatase stage [11] . These results obtained are in agreement with the previous studies by Ximello-Quiebras et al. [12] , and also near the value of 3.85 eV, found by Oh et al. [13] for TiO x with a thickness of 38 nm. The decrease of the band gap cannot be due to the change of the crystallite size, since the latter decreases with the film thickness, but rather to oxygen defect band states formed in the band gap. The values of the optical band gap energy are in good agreement with those published by other authors [1] [10] . However, they are still higher than the optimum range for solar energy conversion. Figure 3 shows the reflectance-wavelength plot of TiO 2 nanostructure annealed at 300˚C, 400˚C and 500˚C in the wavelength range 300 -800 nm. The reflectance is considerably high in the wavelength range of 410 -500 nm, and a gradual fall in the reflectance in the wavelength range of 510 -600 nm was observed. In TiO 2 nanostructure annealed at 500˚C, the band gap absorption onset Journal of Materials Science and Chemical Engineering shifted 420 nm from 500 nm for the TiO 2 annealed at 300˚C, extending the absorption up to 420 nm, as shown in Figure 3 . The optical absorption of TiO 2 annealed at 500˚C in the visible light region was primarily located between 400 and 500 nm. TiO 2 annealed at 500˚C had increased optical response compared to the case of TiO 2 nanostructure film annealed at 300˚C in the visible region. The reflectance percentage of the titanium dioxide thin film decreases with the increase in annealing temperature. This can be linked with the formation of anatase stage and with the decrease in the grain size [11] . The refractive index of synthesized TiO 2 nanostructure thin films was calculated from measured UV-visible transmittance spectrum. The evaluation method used in this work is based on the analysis of UV-visible transmittance spectrum of a weakly absorbing film deposited on a non-absorbing substrate. From the result, it shows that there is a increase in the refractive index in the wavelength range 400 nm to 510 nm, and considerable attenuation is observed in the range 500 nm to 600 nm. It is noted that the refractive index and the density of nanostructure thin films of titanium oxide increases with increasing annealing temperature; due to phase transition (anatase, anatase-brookite), which increases grain sizes and/or the density of layers. The refractive index of the synthesized TiO 2 nanostructure shows better curve as the temperature increases from 300˚C
to 500˚C as shown in Figure 6 . This can be linked with the formation of anatase stage and with the decrease in the grain size [11] .
The extinction coefficient of titanium dioxide thin films is shown in Figure 7 .
The extinction coefficient is high at the photon energy 4.0 eV and low at the Table 1 .
Structural Analysis
Grain boundaries are clearly seen in the SEM micrographs. Similar nanostructure surface has been observed by Le et al. [9] . At 300˚C, the grain size was around 6 nm; at 400˚C, the grain size decreased to 5 nm. Smaller grain sizes were observed at elevated temperature.
At 500˚C, the grain size had already increased to around 4 nm. The pore density decreased in this temperature range of 300˚C -500˚C, which meant better densification could be achieved. This result is consistent with what was obtained in the densification study in the literature [1] [10] [15] . Journal of Materials Science and Chemical Engineering Figure 9 . SEM Images of TiO 2 nanostructures annealed at 300˚C, 400˚C and 500˚C.
Conclusion
TiO 2 nanostructure film has been successfully synthesized by a tandem sol-gel spin coating method. TiO 2 colloidal suspension was formed by the hydrolysis and polymerization reactions of the titanium tetraisopropoxide precursors, and dispensed on borosilicate glass substrates. The synthesized TiO 2 nanostructure films have higher transparency in the visible range (of 400 nm to 500 nm) by annealing at 500˚C. The surface morphologies were observed by the SEM, and the surface morphologies showed good uniformity, and density decreases with increase in annealing temperature. The grain size decreases as temperature increases from 300˚C to 500˚C. At 300˚C, the grain size was around 6 nm; at 400˚C, the grain size increased to 5 nm. Smaller grain sizes were observed at elevated temperature. At 500˚C, the grain size had already increased to around 4 nm. The bandgap energy of the synthesized TiO 2 nanostructure thin film decreased with the increase in annealing temperature which was found to be 3.7 eV, 3.6 eV and 3.4 eV for 300˚C, 400˚C and 500˚C annealing temperatures respectively. The optical absorption, transmittance and reflectance spectra showed a greater performance at 500˚C. The bandgap of TiO 2 nanostructure decreases as temperature increased. The prepared films may have a suitable application in the area of opto-electronic devices.
